During the past half century, scientific effort has been made to determine the course of photosynthesis. Among the numerous lines of investigation pertaining to this subject, the occurrence and behavior of the simple sugars and sucrose have interested many investigators. Physiologists seem to agree now that the simple sugars are the first sugars formed by plants; and since the pentoses do not occur generally in leaves, the hexoses, glucose and fructose, might logically be the first sugars formed. It is possible that only glucose is the first sugar synthesized and that fructose, as well as all the other plant carbohydrates, arise from it. If-this be the case, then it might well be expected that mannose should be formed also, since structurally it is so nearly like glucose and fructose; and, too, whenever glucose is converted by means of its enolic forms to fructose in the laboratory, mannose is produced as abundantly as fructose. In other words, these three sugars when existing under conditions favoring the enolic conversion will exist in equilibrium. To date, mannose has not been found in photosynthetic tissues, but an attempt to find it there has apparently not been made. It is the object of this study to make a rather extensive search for mannose in leaves of many species of plants. It is hoped that the results may be such as to be of value in determining the first sugar of photosynthesis.
In 1903 HARISSEY (3), after studying mannans and galactans in seeds, concluded that these reserves are digested to form mannose and galactose respectively; but since neither of these sugars was positively identified in juices of living plants, if they exist at all they must exist as intermediate products of hydrolysis and must be changed very quickly to other compounds. Thus although mannan, which after hydrolysis yields mannose and mannitol (a hexahydric alcohol), has been found in many plant parts, mannose itself has never been found except in traces in those parts of plants in which the mannan is stored.
The The leaves of these plants were collected between 1: 00 and 2: 30 P. M. on successive days, beginning June 12, 1931. Usually six or seven species were taken each day. The leaves were taken into the laboratory and 300 gIn. of green material quickly ground in a plate grinder. Sufficient water was added to make the ground mass fairly liquid. The watery material was then brought to a boil and boiled gently for two hours. At the end of this time the liquid was filtered through cheese cloth and cooled. Enough neutral lead acetate was added to clear the solution. After filtration, the excess lead acetate was precipitated with di-sodium acid phosphate and again filtered. The filtrate, which totaled some 300 cc., was reduced under diminished pressure to 20 cc. The pressure was so adjusted that the solution boiled at 350 C. The concentrated solution was cooled under tap water, and whatever precipitate formed was filtered off. To the filtrate, 2.6 gm. of phenylhydrazine hydrochloride and 3.0 gm. of sodium acetate were added. Vigorous shaking of this mixture usually resulted in the complete solution of the added compounds. The samples were then allowed to remain for 24 hours in a refrigerator kept at 10 C. At the end of this period, a search was made for the crystals of mannose phenylhydrazone.
In order to determine the accuracy of the method used, 0.1 gim. of d. mannose was added to 300 gm. of ground leaf material of Heracleurn lanatum, Medicago sativa, Urtica holosericea, and Balsamorhiza sagittata respectively, and thoroughly mixed into each sample. The procedure was followed as just outlined. In each, an abundance of a crystalline precipitate resulted which on recrystallization in 60 per cent. alcohol yielded the platelike, colorless prisms characteristic of the hydrazone of mannose.
Mannose was found to be absent from the leaves of the 42 species of plants used. Since such large quantities (300 gm.) of leaves were used and the extracted solution was concentrated to 20 cc., it is highly improbable that mannose exists even in the slightest traces in photosynthetic tissues, for the method used was found to be sensitive to a 0.03 per cent. solution of mannose.
Although mannose could not be found in these investigations, it may not mean that it is universally lacking in leaves, but it certainly does mean that it forms no part of the general photosynthetic scheme in plants. This being the case, it is probable that fructose in leaves has an origin which is independent of glucose; for unless the stereo-chemical relationships known to exist among glucose, fructose, and mannose are different in plant sap from what they are in pure water, it may be expected that were fructose formed from glucose, mannose should likewise be present. This is not the case.
A number of investigators (1) have reported that the occurrence of pentoses is not widespread in photosynthetic tissues. CLEMENTS (2) has found sucrose to be absent from leaves during the morning when photosynthesis is active. By a process of elimination, fructose and glucose seem to be the only sugars generally associated with carbohydrate production. That fructose arises from glucose normally in green leaves seems improbable in view of the finding reported herein. Apparently, then, glucose and fructose arise simultaneously as the first sugars of synthesis. Summary 1. Mannose is found to be absent from leaves of 42 species of plants. 2. Since mannose arises from glucose together with fructose in alkaline solutions, and since mannose is not present in leaf sap, it is concluded that fructose does not arise from glucose in plants but that its origin is simultaneous with that of glucose.
3. By eliminating the pentoses, mannose, and sucrose as sugars not always present when photosynthesis is in progress, it seems probable that glucose and fructose are together the first sugars of synthesis in green leaves.
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